ABSTRACT. Mortgage loans for home purchase require careful analysis by all parties involved in the transaction, and credit-scoring is usually adopted to assist the decision process. From a credit institution standpoint, credit-scoring for mortgage loan risk evaluation becomes even more important in scenarios of economic turbulence and recession, primarily because of the severe restrictions imposed on credit availability that result from reduced access to both money and debt markets and subsequent decreasing liquidity. Employing an AHP -Analytic Hierarchy Process -based approach in the creditscoring system used by one of the major banks in Portugal, this study proposes a methodological framework conceived to adjust trade-offs among evaluation criteria and provide decision makers with a more transparent mortgage risk evaluation system. Practical implications of our framework are also discussed.
INTRODUCTION
Different interlinked factors have been responsible for dramatically changing the current economic conjuncture worldwide. Directly or collaterally, the recent United States' subprime has been identified as the major cause for the declining values of real assets in many markets (cf. Yeager 2011; Kowalski, Shchmurove 2011; Puri et al. 2011; Wu 2012; Xiao-yan et al. 2011; Beltratti, Stulz 2012) . For this particular reason, the relationship among financial and real estate markets, respective evolutionary trends and mortgage lending have been accompanied and/or studied with particular interest. This view seems to be further supported by Akhigbe and McNulty (2011: 532) , who state that "the financial crisis of [2007] [2008] [2009] was caused in part by weak incentives and poor lending decisions (…) in mortgage lending". In addition, because the purchase of a home is generally the largest investment for most households, together with the fact that most families fail to have the capital available to purchase a residence, mortgage in the form of bank lending is the most common solution for home acquisition. However, the current economic and financial conditions show not only increasing individual and corporate taxes, a generalized reduced employment rate and salary reductions but also reduced access to money and to medium-and long-term debt markets, leading banks to impose severe restrictions on access to credit. Consequently, each mortgage loan requires careful analysis by all parties involved in the decision process (e.g. individuals, families, credit institutions) and, under this scenario, "credit scoring benefits both lenders and borrowers" (Avery et al. 2004: 854) .
In response to periods of economic turbulence and inherent decreasing liquidity, banks have developed sophisticated credit-scoring risk systems with the aim of "better quantifying the financial risks they face and assigning the necessary economic capital" (Lopez, Saidenberg 2000: 152) . Based on this premise, significant improvements have occurred in terms of risk modeling (for a survey of developments and/or a generalized discussion, see Altman, Saunders 1997; Scarpel, Milioni 2002; Costa, Baidya 2003; Jacobson, Roszbach 2003; Avery et al. 2004; Yurdakul, İç 2004; Crook et al. 2007; Chikolwa, Chan 2008; Šušteršič et al. 2009; Xu, Zhang 2009; Yu et al. 2009; Twala 2010; Wang et al. 2011) and, for the reasons presented above, mortgage lending risk evaluation has become increasingly important in the field of finance. Nevertheless, as shown in the literature (e.g. Altman, Saunders 1997; Lopez, Saidenberg 2000; Doumpos, Zopounidis 2001; Doumpos et al. 2002; Thomas 2009; Twala 2010 ), the progress achieved over the years does not mean that the current methodologies are without limitations and the need to develop more accurate credit-scoring systems has been put to rest. For example, particular emphasis has been given to the lack of transparency in the way trade-offs among evaluation criteria are made explicit (cf. Ferreira et al. 2011a) . Thus, considering that MCDA -Multiple Criteria Decision Analysis -has proved over the years to be extremely effective in transparently incorporating multiple considerations into a decision making framework and in handling trade-offs among evaluation criteria (cf. Saaty 1980; Belton, Stewart 2002 ; Bana e Costa et al. 2005; Saaty 2008 ; among others), it is our belief that there is considerable scope to explore the applicability of MCDA techniques in the particular context of credit risk evaluation of mortgage loans, a topic which, following Mari and Renò (2005: 92) , "is quite neglected in the financial literature".
In this paper, we analyze the internal system for assessing the credit risk in mortgage lending used by one of the largest banks in Portugal, and we employ an AHP -Analytic Hierarchy Processbased approach in a structure of evaluation criteria previously defined by the bank's administration. It should be highlighted that several drawbacks can be identified in the current credit-scoring process, such as the way evaluation criteria are selected and/or made explicit. However, these limitations fall outside the scope of our study and, thus, will not be discussed here. On this basis, our empirical application aims to examine the potential value of the AHP approach in readjusting trade-offs among evaluation criteria, providing a better basis for the justification and explanation of decisions regarding mortgage lending and, ultimately, leading to a fairer mortgage risk evaluation system. To the best of our knowledge, this is a novel approach in the mortgage risk evaluation literature.
The paper proceeds as follows: the next section reviews existing literature on mortgage lending economic relevance. Section 3 describes the current credit-scoring system of the bank under analysis. Section 4 presents the methodological background and discusses the AHP-based proposal in terms of trade-offs readjustment, respective advantages and disadvantages. Finally, the paper concludes with section 5.
MORTGAGE LENDING ECONOMIC RELEVANCE
Before the discussion on credit-scoring systems for mortgage loan risk evaluation, it seems opportune to discuss the economic importance of mortgage lending. In this sense, and as previously highlighted, home acquisition is generally the largest investment for most households, and because most families possess only a portion of the capital needed to buy a house, bank mortgage loans are the most typical (and perhaps easiest) solution. Therefore, mortgage lending has stimulated the economy over the years, and different interlinked reasons support this premise. Among these, it should be underlined that: (1) mortgage lending allows the expansion of financial services by supporting the development of the housing construction industry, which, in turn, supports the expansion of related business activities; (2) as result of the economic expansion, mortgage lending contributes to higher job growth rates and stimulates increased household consumption; and (3) mortgage loans increase money circulation among people, which, under wealth-generating economic conditions, contributes significantly to the country's GDP -Gross Domestic Product (for further details, see Lima et al. 1995; Mari, Renò 2005; Kajimo-Shakantu, Evans 2006) .
According to Mari and Renò (2005: 83) , "the market for mortgage loans is of primary impor-tance in any developed country, and its quality is directly connected to the quality of the whole economy". From this premise we conclude that, under wealth-generating economic conjunctures, mortgage lending has positive effects on the country's economy because it allows unemployment reduction, boosts productivity, increases money circulation and generates greater economic wealth (for further discussion, see also Lima et al. 1995; Kajimo-Shakantu, Evans 2006) . Nevertheless, recalling Mari and Renò (2005) , it should be taken into account that the relationship between mortgage lending and the country's economy is based on a reciprocal influence. This means that mortgage lending has no positive effects in slumping economies and, because of the generalized decreasing liquidity, mortgage loans should be analyzed with proper reservation.
Mortgage loan risk evaluation
Considering the decreasing liquidity and reduced access to both money and medium-and long-term debt markets that have been characterizing the current economic and financial conjuncture, mortgage loan risk evaluation is both a complex process and a very challenging undertaking. Based on this premise, banking institutions have been doing their best to develop effective ways of better quantifying the financial risks they face in each lending decision. In this context, a wide range of internal rating systems for credit-scoring has been developed in banking practice and can be found in the literature (for details, see Mari, Renò 2005) . It seems important to bear in mind, however, that most of the credit-scoring systems developed for mortgage loan risk evaluation consider several administratively pre-established weighted criteria, which are the basis of the evaluation process and aim to support the final decision. Therefore, the development of internal rating systems is paramount for providing evidence in terms of credit decision support.
Internal rating system for credit-scoring
As outlined previously, credit-scoring represents the basis for loan approval, and "banks assign internal credit ratings to appraise the creditworthiness of their borrowers" (Grunert et al. 2005: 509) . In this sense, banks' use of internal credit ratings have multiplied worldwide over the past decades, aiming to measure the risk of each credit transaction. The Portuguese financial and banking institutions are no exception and, in the particular context of mortgage lending, the most common evaluation criteria in the mortgage scoring systems include: (1) LTV -loan-to-value -, which balances the funding with the guarantee associated to the credit operation; (2) rate of effort, which represents the customer's capacity for paying the loan; (3) degree of involvement, which assumes a cross-selling perspective and provides information on the client's involvement with the bank (e.g. information on bank account average balance, existence of financial investments, credit cards and/or other existing banking products); (4) household, which provides information on the funds available to meet the primary needs of the client; (5) professional status, which considers knowledge of the client's current employment situation; and (6) customer's age, which is considered a key factor for the credit institution and for the insurance company that provides the guarantee. A more or less complex analysis of the above criteria results in either a "favorable" or "unfavorable" lending decision.
The mortgage scoring systems in Portugal tend to be standardized and the outcomes of each credit risk analysis are usually based on a scale ranging from "1" to "10" (i.e. "1" represents a very low-risk operation; "10" represents an extremely high-risk operation -this credit-scoring system is further explained in section 3), which also helps to determine the interest rate spread for each borrower. As a result of the precarious situation of the financial markets and all consequences associated in terms of decreasing liquidity, it becomes imperative for the banks' survival to impose severe mortgage lending underwriting requirements. These requirements include, among many others, the adoption of long term loans and reductions of the LTV and rate of effort. Under this scenario, the associated spreads and indexed rates are also high, and often unaffordable to most potential borrowers.
THE CURRENT CREDIT-SCORING SYSTEM
As briefly mentioned in the previous section, the mortgage scoring systems in Portugal tend to be standardized and based on a continuous scale. This typically ranges from "1" to "10", where a credit approval occurs when credit scores are between "1" and "5", and a credit refusal takes place when scores are higher than "5". It should be highlighted, however, that a potential borrower may score "1" and present very low-risk, but if for any reason the bank gets suspicious that s/he will not respect the required commitments, then the mortgage loan can be refused. Additionally, it should be clarified that the final outcome of a mortgage loan risk evaluation is usually a composite score, which is also known as overall score. The overall score is calculated through a weighted average of the partial scores obtained for each of the evaluation criteria taken into consideration in the risk assessment. Partial scores are based on a discrete scale ranging from "1" to "10" (cf. Appendix 1). The weights of the criteria reflect their relative importance and are usually defined by the bank's administration. In this sense, a very low-risk credit operation is associated to "1". Contrarily, an overall score of "10" represents an extremely high-risk credit operation. Overall scores strictly below "5" should support a credit approval. On the other hand, overall scores above "5" should support a credit refusal.
Criteria and weights considered
Banking institutions frequently innovate and modify the modalities of mortgage loans. Nevertheless, a battery of informal interviews with directors from the five largest banks in Portugal allowed us to conclude that the calculation of the risk associated with each mortgage loan usually relies on similar criteria. One of the interviewees, whose name has been kept confidential upon request, was particularly important in assisting us to understand how the composite scores result from the evaluation criteria and, specifically, to identify those criteria and respective trade-offs. Table 1 presents information on the criteria included in the mortgage risk evaluation system used by one of the top-five banks in Portugal, which has been provided under condition of anonymity.
As can easily be observed in Table 1 , the bank currently uses fourteen different criteria to assess mortgage lending, with the three most important criteria being LTV, rate of effort and responsibilities in BP -Banco de Portugal -(Portuguese Central Bank after translation). Nonetheless, one of the interviewees (the director who provided us with the data) emphasized that the current weights do not adequately represent the relative importance of the criteria as perceived by the risk assessment experts operating in some of the branches, which sometimes results in incoherent decisions. For example, loan applications can be refused in spite of achieving overall scores below 5. In order to prevent these incoherent decisions, it was felt by the group of experts involved in the study that the weight of some criteria (e.g. responsibilities in BP, cross-selling and existence of guarantors) should better reflect the values held by the credit-scoring experts. In addition, it was also felt that some weight flexibility regarding the different criteria should be allowed across the country in order to capture idiosyncrasies of different geographic regions. As a result, it seems important to identify the major drawbacks of the current credit-scoring system. This will assist us in clarifying the evaluation mechanisms and, hopefully, introduce transparency in the process.
Limitations of the current credit-scoring system
As outlined before, the credit-scoring system for mortgage loans risk evaluation used by one of the largest banks operating in Portugal is not without its own limitations, and those limitations contribute to possible inconsistent conclusions that should be analyzed. According to the director who assisted us in understanding the process, different types of criticism can be pointed to the credit-scoring system currently in use by the bank. Among them, the following should be underlined: (1) "the system is unable to consider behavioral criteria" (quoting the director); (2) the weights are administratively predefined, but there is no prior knowledge of how the process is established, which makes it difficult to comprehend some of the decisions, due to the lack of transparency and/or rationality; and (3) considering that trade-offs among criteria are common to all bank branches, the possibility of inappropriate weighting becomes real because of the differences among geographic areas. Starting out from these considerations, it should be clarified that the definition of new evaluation criteria falls outside the scope of this paper. As pre-viously stated, considering that MCDA has proved over the years to be extremely effective in transparently incorporating multiple considerations into a decision making framework and in handling trade-offs among criteria, it is our belief that there is considerable scope to explore the applicability of MCDA tools in the context of credit risk evaluation of mortgage loans. From this perspective, the following section describes how an AHP-based process can be applied in order to allow trade-offs readjustment among evaluation criteria, while considering the professional experience of bank experts. We believe that our process-oriented framework will result in a fairer and more transparent mortgage loan risk evaluation system.
METHODOLOGICAL FRAMEWORK

Basics of the Analytic Hierarchy Process
As indicated in the previous sections, credit risk analysis of mortgage loans implies taking into account several criteria and analyzing decisions with transparency. From this perspective, the risk evaluation process of mortgage lending can profit from the application of MCDA tools, namely because it is well known that these tools facilitate the tradeoffs calculation among criteria, while adding simplicity and transparency to the decision making process (cf. Belton, Stewart 2002; Ferreira et al. 2011a) .
The AHP is a multiple criteria decision analysis technique that was developed by Thomas Saaty, in the mid-1970s , in order to overcome the cognitive limitations of decision makers (cf. Saaty 1980) . Based on its simplicity, solid mathematical background and ability to assess tangible or intangible factors, the method has been applied to systematize a wide range of decision problems in different contexts. In particular, the method is based on the human capacity to use information and experience in estimating relative magnitudes through pairwise comparisons and, basically, combines logic with intuition, for the purpose of obtaining consensual judgments (for further details, see Saaty 2008; Pastor-Fernando et al. 2010; Kaya, Kahraman 2011) .
According to Yurdakul and İç (2004) , who applied the AHP in the evaluation of credit applications of manufacturing firms, the application of the method can be divided into three main phases: structuring, evaluation and synthesis. The first phase -structuring -consists of decomposing the problem into a hierarchical structure that reveals the relationship between goals, criteria and alternatives involved in the decision process (see Fig. 1 ).
The second phase -evaluation -consists of defining the type of problem to be adopted and determining if the alternatives/actions should be: a) analyzed in relative or absolute terms, b) ordered or chosen or c) accepted or rejected. Finally, the last phase -synthesis -consists of providing an overall score and recommendations. In order for evaluation and synthesis to take place, decision makers have to compare pairs of criteria and sub-criteria (if any). The pairwise comparisons expressed in semantic judgments are then converted into numerical values. This is done based on a onedimensional scale, known as 'Saaty's fundamental scale', where judgments of quantification range from 1 to 9 (see Table 2 ).
This procedure will result in the construction of square matrices of preferences, where the number in row i and column j gives the importance of a certain criterion C i in comparison to another criterion C j , as can be seen in the matrix form (1) shown below. 
More specifically, following Alonso and Lamata (2006) , let A = [a ij ] for all i, j = 1,2, …, n denote a square pairwise matrix, where a ij gives the relative importance of the elements i and j, and is represented by a quantified value judgment provided by the decision makers, which also helps to define a as the corresponding value of intensity of importance. According to Vilas Boas (2005) 
At this stage, the matrices of comparison are subjected to a mathematical technique called eigenvector, which calculates the weights w for each criterion in the various hierarchical levels and in relation to the alternatives under consideration. The eigenvector matrix can be estimated by the mathematical expression (3): A better alternative way to assigning the small decimals is to compare two close activities with other widely contrasting ones, favoring the larger one a little over the smaller one when using the 1-9 values.
Reciprocals of above
If activity i has one of the above nonzero numbers assigned to it when compared with activity j, then j has the reciprocal value when compared with i
A logical assumption
Measurements from ratio scales
When it is desired to use such numbers in physical applications. Alternatively, often one estimates the ratios of such magnitudes by using judgment Source: Saaty (2008: 257) .
As defended by Laininen and Hämäläinen (2003) and Vilas Boas (2005), among others, the results obtained using this mathematical expression must be standardized. The process consists in calculating the proportion of each element relative to the sum, as can be observed in the expression (4), where T is the normalized eigenvector:
This procedure results in the eigenvector ordering of priorities and is repeated until the difference between the normalized result of the last operation is very close to the result of the preceding case (e.g. small differences after third decimal place). The eigenvector provides a hierarchy or priority order for the criteria, and the quality or consistency of the solution must be tested by calculating the eigenvalue, which indicates whether the data are logically related. For this purpose, Saaty (2008) proposes the following sequence of procedures: -Estimate the eigenvalue (l max ) through expression (5), where w is calculated by summing the columns of the matrix of comparisons:
-Compute the consistency index -CIthrough equation (6), where n stands for the order of the matrix:
-Calculate the consistency ratio -CR -using equation (7), where RI is a random consistency index and depends on the order of the matrix (for a compilation of RIs from different authors, see Alonso, Lamata 2006 
To determine the levels of preference of the alternatives, they should be compared in pairs in each of the criteria, following a similar procedure to the one described for obtaining the relative importance of criteria. With these levels and the relative importance of preference of the alternatives, an overall assessment for each alternative can be made explicit based on the additive model expressed by equation (8), where V(a) corresponds to the overall value of the alternative analyzed; pj is the relative importance of criterion j and vj is the level of preference of the alternative analyzed in criterion j:
Strengths and weaknesses of the AHP
As in other methods, the AHP has strengths and weaknesses. An extensive discussion on its advantages and shortcomings is beyond the scope of the present study. However, it should be highlighted that the AHP has been characterized as simple, Williams et al. (2007: 470) , "its theoretical foundation has been challenged on a number of grounds". For example, the AHP has been criticized for the possibility of exhibiting rank reversal (Belton, Gear 1983) , and for its use of the eigenvalue procedure to derive priorities (Bana e Costa, Vansnick 2008). Also, as stated by Alonso and Lamata (2006: 448) 
, "if the prioritization procedure is not the eigenvalue method (EVM), because of the way that the Saaty approach is constructed, it is not suitable for evaluating consistency, and therefore new consistency measures relating to the prioritization procedure are required".
It is important to underline, however, that in recent years important advances have been made (e.g. Alonso, Lamata 2006) and, according to PerezGladish and M'Zali (2010: 109), "several works can be found in the literature relating AHP with finance". Nevertheless, to the best of our knowledge, no evidence has been reported exploring the use of this method in the particular context of the present study. Therefore, we believe the AHP-based application we discuss in the next subsection, and which is targeted at showing how this technique can be used to define the trade-offs among the criteria used to assess credit risk in mortgage lending, is of interest to both researchers and practitioners.
Readjusting trade-offs among criteria in internal ratings of credit-scoring
As previously outlined, we describe in this subsection the process followed in terms of trade-offs readjustment in a mortgage loan credit-scoring system. Considering the limitations presented in subsection 3.2, it should also be emphasized that this research was conducted after the ECB-EU-IMF intervention (i.e. European Central Bank, European Union and International Monetary Fund intervention, also known as "Troika"), which required the mortgage loan approval process to be . more meticulous and discerning. On this basis, and considering the scope of our study, several aspects will be presented and/or discussed herein, namely: participants involved; problem definition; structuring and evaluation procedures undertaken; consistency and sensitivity analyses; and results discussion and recommendations.
Participants involved
It is well known that one of the features of the MCDA approach is an active attitude from decision makers (cf. Ferreira et al. 2011b) , who are responsible for assisting the facilitator (i.e. researcher or scientist) in conceiving the evaluation system. Therefore, and because the definition of a panel of experts is considered an important procedure, the dimension of the panel was carefully considered in our study, along with two other intertwined constrains: (1) limited availability of mortgage loan risk analysts to participate in group meetings and (2) difficulties in getting them together in the same place at the same time. As a result, we ended up with a group formed by five credit analysts with mortgage loan risk evaluation responsibilities who operate in the same geographic region. In addition, it should be pointed out that the work session was conducted by a senior facilitator assisted by a junior facilitator and a communication technician, responsible for registering the results.
Problem definition
In response to the limitations identified in subsection 3.2 of the internal system for credit-scoring of mortgage loan applications used by the bank under analysis, namely in terms of trade-offs among evaluation criteria, our framework aims to employ an AHP-based approach in a structure of administratively pre-established evaluation criteria. It should be outlined, however, that we were not asked (nor allowed) to change the credit-scoring system in terms of criteria selection and/or operational structure (see Appendix 1). Instead, we were limited to the analysis of the trade-offs among the pre-selected evaluation criteria. In this sense, although the different criteria had been administratively imposed, on the whole it was felt that the use of a MCDA approach would provide more structure to the decision-making process, a forum for discussion and learning and, in sequence, a better basis for the justification and explanation of decisions regarding the approval of mortgage loans. We believe this will add value to the risk evaluation process of mortgage loans, increase its effectiveness and lead to a fairer mortgage risk evaluation system. Starting out from this initial premise, the analysis of the problem consists of eliciting value judgments from a panel of credit analysts and readjusting tradeoffs among those administratively pre-established criteria (see Table 1 ), which are considered the basis of the evaluation process and aim to support the lend or reject decision. Moreover, as previously stated, this also represents a novel approach in the credit-scoring literature.
Evaluation criteria and impact levels
Following the previous discussion, several drawbacks can be pointed to the credit-scoring process currently used by the bank under analysis, namely the way evaluation criteria are selected and incorporated in the model. However, considering that we were not asked (nor allowed) to change the credit-scoring system in terms of the evaluation criteria to use to assess credit risk, the selection process of these criteria will not be discussed here. Instead, our objective is to discuss the potential of using the AHP technique to deal with the tradeoffs among the pre-established evaluation criteria. As outlined in the previous subsection, our empirical application aims to examine the potential value of the AHP approach in readjusting tradeoffs among evaluation criteria and, ultimately, lead to a fairer mortgage risk evaluation system. Based on the information provided in Table 1 , Fig.  2 illustrates the structure of criteria that supports mortgage lending risk evaluation at the bank under analysis.
The structure presented in Fig. 2 allows us to identify two different decision levels. The first is based on a discrete scale ranging from "1" to "10", representing impact levels for each of the criteria involved. In this case, the levels are administratively defined and a partial credit approval occurs when credit scores are between "1" and "5", while a partial credit refusal takes place when the scores are between "6" and "10" (for a categorized information on this technical procedure, see Appendix 1). The second level is directly related to the overall score of each mortgage loan application, when the partial scores in each criterion are weighted by their relative importance. These overall scores are measured on a continuous scale ranging from "1" to "10". Based on the reasons presented before, it is precisely here that we believe that there is considerable scope to explore the applicability of the AHP approach. It should also be underlined that the conceptual scheme presented in Fig. 2 was shown to the experts and considered important to establish the basis for a proper elicitation of judgments.
Judgments and comparisons
This phase of the process was initiated based on a matrix of comparisons to order the criteria presented in Fig. 2 . More specifically, the panel members were asked to pairwise compare and order the evaluation criteria in terms of decreasing overall importance. This procedure served as the basis for the projection of priorities and lasted approximately one hour. The next step consisted of the calculation of the trade-offs among criteria.
The trade-off procedures
Once the criteria were ordered by decreasing overall importance, the panel members were asked to project their judgments in terms of relative importance using 'Saaty's fundamental scale' (Table 2) . This procedure lasted another hour. Fig. 3 illustrates the questionnaire of pairwise comparisons, which was constructed using the Super Decisions software (http://www.creativedecisions.net/). Table  3 summarizes the results obtained.
Once the "new" trade-offs were obtained, they were provided to the decision makers. This procedure was considered important to promote further discussion among the panel members and allow comparisons between both models (i.e. between the bank's current model and the AHP-based model). As can be seen from Table 3 , the new criteria weights, which reflect the relative importance of each criterion as perceived by the credit analysts involved in our study, present some significant differences regarding the administratively imposed weights. Whilst the relative importance of some criteria remained relatively unchanged (e.g. age, household, rate of effort and LTV), the weight given to others changed significantly (e.g. existence of guarantors, employment situation, profession and average balances). It was agreed by the group of experts that these "new" weights have the potential to lead to different but better informed and supported decisions regarding mortgage lending in comparison to the current evaluation system. In addition, it should be highlighted that our results present an acceptable consistency ratio (i.e. 0.026412 < 0.10) (cf. Saaty 1980; Yurdakul, İç 2004; Williams et al. 2007; Xu, Zhang 2009; PerezGladish, M'Zali 2010) . The next step consisted of testing the "new" trade-offs.
Evaluating mortgage loan credit risk
Following the previous discussion, credit-scoring allows us to calculate scores between "1" and "10". As presented in formulation (8), the final score corresponds to the sum of the partial weighted scores. A score between "1" and "5" should support a favorable credit decision. From this basis, informa- tion regarding mortgage loan applications, identified as "alphas", was provided under anonymous conditions upon request (see Table 4 ). It should be noted that the data provided regarding (only) two mortgage loan applications was an administrative decision. Still, this information was considered very useful and necessary to know how the bank obtains the partial ratings, which vary between "1" and "10", and are based on the information provided in Appendix 1. Table  5 presents the partial ratings of the two alphas in analysis, criteria weights in both scenarios and overall scores.
Considering the information in Table 5 , one may conclude that both models indicate possible approval of the credit applications under analysis (i.e. in both cases, Alpha 1 and Alpha 2 perform between "1" and "5"). However, considering the current evaluation model, significant adjustments have been made resulting from the use of the AHP-based approach. For example, in spite of the low importance given to the existence of guarantors in the current evaluation model (i.e. 5%), this criterion was considered by the decision makers as one of the most important guarantees for the bank in case of credit default. This allowed them to rank the existence of guarantors in fourth place and adjust its weight (i.e. 11.59%). According to the decision makers involved in our study, the adjustments made represent "more caution in terms of credit approval", which corroborates with the Basel directives. The next step consisted of performing consistency and sensitivity analyses to the calculi made.
Consistency and sensitivity analyses
Once the trade-offs among evaluation criteria were readjusted, tested, discussed and approved by the panel members, several consistency and sensitivity analyses were conducted. Fig. 4 illustrates a Saaty 1980; Yurdakul, İç 2004; Williams et al. 2007; Xu, Zhang 2009; PerezGladish, M'Zali 2010) , is considered acceptable. However, the consistency analysis carried out during the group session allowed decision makers to discuss possible adjustments in terms of value Fig. 4 . Consistency analysis judgments and, consequently, criteria trade-offs. As shown in Fig. 4 , the most inconsistent judgment occurred between CRT12 (i.e. existence of guarantors) and CTR08 (i.e. average balances), and was of (very) small amplitude (i.e. 1.5 vs. 1.3101). In spite of the small difference identified, the usefulness of the Super Decisions software in offering opportunities for panel members to reconsider their value judgments should be highlighted. After discussion, the decision makers decided not to introduce further adjustments and considered the final tradeoffs as good representations of their value judgments. At this stage, it was considered useful to explore the sensitivity of the results obtained by each credit application by performing a sensitivity analysis. Fig. 5 presents the sensitivity analyses carried out for CRT07 (exemplifying non-crossing situations) and CRT12 (exemplifying crossing situations), which were conducted also using the Super Decisions software.
Despite the low number of alphas used for testing the model, the sensitivity analysis allowed us to explore the implications of uncertainty regarding the weights of the evaluation criteria, increasing confidence in the results achieved. More specifically, the analysis revealed that eleven out of the fourteen criteria show non-crossing lines between the alphas' partial performances (i.e. only CRT04, CRT05 and CRT12 revealed crossing lines), meaning that each alpha would maintain its relative ranking position independently of the weight given to each criteria. In this sense, as exemplified in Fig. 5 , the intervals of weight variation are large enough to ensure that the alphas' ranking position remains even when the relative weight of criteria changes, supporting the value judgments of the credit experts.
The results of the consistency and sensitivity analyses were therefore important to: (1) validate the results in terms of trade-offs and explore the robustness of the recommendations generated by the multiple criteria framework; (2) promote additional discussion among the credit experts; and (3) define the basis for recommendations.
Overall analysis and recommendations
Based on the satisfaction shown by the panel members, one may consider that our results are encouraging. In fact, our AHP-based application allowed readjustment of trade-offs among criteria, and provided the panel experts with "a more informed, transparent and accurate mortgage loan risk evaluation system" (according to their own words). Furthermore, quoting the experts, our proposal was also considered "more discerning in terms of Basel directives", which strengthens our research convictions. Despite the results, it should be recalled, however, that a non-prescriptive process-oriented position has always been assumed. Consequently, our proposal should be viewed as a learning mechanism resulting from the discussion with and among the panel members, and not as a tool to provide optimal solutions. In this sense, because the results are contextualized and dependent on the participants involved, extrapolations are strongly discouraged unless proper adjustments take place. This may be considered another positive aspect of our framework because the use of AHP provides decision makers with adjustment possibilities.
CONCLUDING REMARKS
In periods of economic turbulence like the one financial institutions are currently experiencing, where liquidity is scarce and access to money and/ or to medium-and long-term debt markets is very limited, severe restrictions on access to credit are imposed. Mortgage loans are among the most highly sought financial products in the Portuguese banking system, but even those need to be carefully analyzed by all parties involved in the decision process. This means that, accompanied by higher credit underwriting standards, mortgage loan risk evaluation becomes imperative for financial and banking institutions.
As discussed herein, significant improvements have occurred over the last few decades in terms of risk modeling. Nevertheless, as stated in the literature (e.g. Altman, Saunders 1997; Lopez, Saidenberg 2000; Doumpos, Zopounidis 2001; Doumpos et al. 2002; Thomas 2009 Thomas , 2010 Twala 2010 ), the progress achieved over the years does not mean that the current methodologies are without limitations and the need to develop more accurate creditscoring systems has been put to rest. In this particular context, special emphasis has been given to the lack of transparency in the way trade-offs among criteria are usually defined (cf. Ferreira et al. 2011a Ferreira et al. , 2011c . From this premise, our AHPbased application allowed readjustment of tradeoffs among evaluation criteria, and provided the panel members with a "more informed, transpar- ent and accurate mortgage loan risk evaluation system" (in their own words). Our framework was additionally considered "more discerning in terms of Basel directives" (also according to the panel experts). The findings from our study suggest, therefore, that the AHP approach has the potential to enhance the existing credit scoring systems of Portuguese banking institutions. As discussed here, the AHP technique can be used to assist credit analysts in defining the relative importance of evaluation criteria, making trade-offs among them explicit. However, AHP can also be used to assist banking institutions in managing new evaluation criteria (e.g. mortgage term, property type, occupancy type).
In the current economic context it is imperative that banking institutions use comprehensive credit scoring systems in order to comply with the Basel regulatory requirements and minimize the risk of errors. It is our belief that the framework proposed here, either independently or combined with other credit classifier systems, can assist banking institutions in doing so. By allowing credit analysts to derive overall risk scores for each credit application and exploring the sensitivity of these scores to changes in the relative importance of the different evaluation criteria, the use of the AHP technique has the potential to lead to better informed decisions.
Despite its virtues, our proposal is not without its own shortcomings. In particular, it can be criticized on the grounds of being inherently subjective with regard to the specification of criteria weights, but also, potentially, in the choice of evaluation criteria and the scoring of credit applications. However, it is important to bear in mind that all decision-making is subjective and that the value of any MCDA based-approach is in making that subjectivity explicit and integrating it in a transparent way with objective/measurable data.
It is also important to emphasize that a nonprescriptive process-oriented position has been assumed, and because the results are contextualized and strongly dependent on the participants involved, extrapolations are discouraged unless proper adjustments take place. This may also be argued as a limitation of the proposal. Nonetheless, as previously discussed, the use of AHP also provides adjustment possibilities. On the other hand, in exploring this line of research, several other approaches can be applied, namely MACBETHMeasuring Attractiveness by a Categorical Based Evaluation Technique -, MAVF -Multi-Attribute Value Function -, PAPRIKA -Potentially All Pairwise Rankings of All Possible Alternatives -or TODIM (an acronym in Portuguese of Interactive and Multicriteria Decision Making) -(for a categorized survey of different MCDA methods, see Belton, Stewart 2002; Zavadskas, Turskis 2011) . Still, as suggested by Weber and Borcherding (1993) and Ananda and Herath (2009) , each method has its own strengths and limitations, and there is no such thing as superior elicitation method. In fact, as is widely accepted in the MCDA literature, the choice of approach is strongly dependent on the decision context. From this premise, AHP's simplicity, solid mathematical background and ability to assess tangible and intangible factors, together with the fact that it has been applied to systematize a wide range of decision problems in different contexts, are the main reasons why it has been applied in this study. Also, as defended by Yurdakul and İç, (2004: 286) , "once properly introduced and implemented in the banks, AHP should improve their credit evaluation decision-making processes, and consequently, contribute to the success and profitability of the banks".
As complementary research, we recommend conducting: (1) a different panel study with a different elicitation method and/or within a different banking institution; and (2) a survey of comparisons among different methodological applications. Possible improvements and/or updates will hopefully help in strengthening this line of research.
